We predict that portions of the New Jersey continental slope were unstable approximately 0.5 million years ago. This instability was caused by rapid sediment loading during a Pleistocene sea-level lowstand and by flow focusing in underlying, permeable Miocene strata. The simulated instability is consistent with soft-sediment deformation and small slumps in Pleistocene strata of the Hudson Apron. Stability of the New Jersey margin has increased since 0.3 Ma because sedimentation rate has decreased. Today, the modelled factor of safety (FS) for the upper slope is approximately 1.5 whereas in the lower slope it exceeds 3. We predict that sedimentation rate is a dominant factor on slope stability. When rapid and asymmetric loading of a highly permeable sedimentary layer occurs, the location of instability can shift seaward to regions where sedimentation rates are low. Stability calculations use pressures and effective stresses predicted by a coupled sedimentation-fluid flow model. This hydrodynamic analysis demonstrates how the interplay of sedimentation and fluid migration affects the distribution, timing, and size of sedimentary failures.
INTRODUCTION
Sedimentation rate and permeability architecture control the hydrodynamics of continental slopes. Rapid deposition of low permeability sediments generates fluid overpressure, which supports a portion of the overburden. This creates low effective stress and affects the stability of the sediments. Where low permeability sediments are interbedded with laterally continuous sands, spatial variations in sediment loading result in a complex flow-field (Dugan & Flemings 2000; Yardley & Swarbrick 2000) that significantly alters the stability of the slope. Stability is lowest where overburden stress is low and overpressure is high. The rate of sediment loading and the rate at which fluids migrate in high and low permeability strata dictate the timing and location of slope failure.
We present a general model of spatially varying sedimentation rate that is characteristic for passive margins, and we discuss the resulting hydrodynamic system. This model is extended to include an isolated aquifer and to explore its impacts on regional fluid flow and stability. This general model is then applied to the stratigraphic geometry of offshore New Jersey where Pleistocene silty clay has rapidly and differentially buried more permeable Miocene sandy silt.
FLUID FLOW AND STABILITY MODELS
We use a two-dimensional sedimentation-fluid flow model to simulate the hydrodynamic evolution of the continental slope. Fluid pressure is modelled assuming that sedimentation is the only pressure source and that fluid flow is defined by Darcy's law (Equation 1) (Gordon & Flemings 1998; Dugan & Flemings 2000) .
P ¼ r w gz þ P Ã , S t ¼ fb/(1 À f) þ fb f and solid grains are assumed incompressible. Porosity is modelled as a function of vertical effective stress, df/f ¼ -bds v (Rubey & Hubbert 1959; Hart et al. 1995) . Equation 1 is presented in material coordinates referenced to the solid grains. All sediments are deposited with the same initial porosity (61%) and have the same bulk compressibility (0.44 MPa À1 ) (Dugan & Flemings 2000) . Permeability of silty clay sediments is modelled as a function of porosity, log(k v ) ¼ I þ Bf (Mello et al. 1994) . I ¼ À18.5 and B ¼ 1.25 are set constant to define vertical permeability (k v ) consistent with measurements from Pleistocene silty clay of the New Jersey continental slope (Blum et al. 1996) . The vertical permeability of sandy silt aquifer sediments was set constant at 3 Â 10 À16 m 2 . An anisotropy (k h / k v ) of 10 was used for all sediments.
The horizontal scale for all simulations is 20 km (Fig. 1 ). Total vertical thickness varies depending on the sedimentation rate prescribed in the model. Overpressure is assumed to be zero at the sea floor. The basal and landward boundaries are treated as no-flow boundaries (Fig. 1) . The landward boundary represents the shelf-slope break and can be treated as a flow divide because loading and pressure generation decrease landward and seaward of this position.
The infinite slope approximation is used to calculate the factor of safety (FS) for the model domain (Equation 2).
FS > 1 represents stability and FS 1 represents instability. The analysis assumes that the failure surface is parallel to the sea floor, fluid pressure is constant along the failure plane, end effects and stresses can be neglected, and sediments are homogeneous (Lambe & Whitman 1979; Loseth 1998) 
We assume sediment cohesion (c) ¼ 0, a typical value for normally consolidated clays (Lambe & Whitman 1979; Craig 1992) . The angle of internal friction (f f ) is assumed to be a constant 268. Internal friction angles range from 20 to 358 for clays and from 27 to 308 for silty sand (Craig 1992) . These assumptions provide a minimum estimate of stability.
We apply these models to two depositional architectures common for continental margins: (1) Silty Clay without Aquifer ( Fig. 2A) and (2) Silty Clay with Aquifer (Fig. 2B ). These architectures thin downslope to reflect increased distance from sediment source. At the onset of sedimentation, an initial layer of strata extends the length of the basin (0.2 km thick at landward margin, 0.1 km thick at seaward margin) and is assumed hydrostatically pressured (Time 0, Fig. 1) . These strata are then loaded for 1 Myr by silty clay (e.g. Time 1-3, Fig. 1 ). In Fig. 2 , the sedimentation rate is 1.2 mm yr À1 at the landward margin and linearly decreases to 0.2 mm yr À1 at the seaward margin.
Silty clay without aquifer model
Modelled overpressure in the silty clay is subparallel to the sea floor ( Fig. 2A) . The maximum overpressure (4.5 MPa) is in the landward zone where sedimentation rate is highest and Near the basal boundary, fluid velocity is an order of magnitude lower as a result of low porosity, low permeability, low pressure gradients, and the no flow boundary ( Fig. 2A) . Vertical effective stress parallels the sea floor. The effective stress increases slowly in the shallow subsurface and rapidly increases deeper in the sedimentary column ( Fig. 2A) . A maximum effective stress of 8 MPa is predicted where sediment accumulation was greatest. Unstable conditions (factor of safety, FS 1) are predicted for a small portion of the landward zone (Fig. 2A) . The FS equals 9 at the seaward margin where overpressure and effective stress are low. At the sea floor, effective stress is zero; however, near the sea floor FS increases seaward as overpressure decreases seaward ( Fig. 2A ).
Silty clay with aquifer model
The addition of a permeable aquifer beneath the silty clay decreases overpressure relative to the Silty Clay without Aquifer example (Fig. 2B vs. Fig. 2A ). Lower overpressure results because the aquifer acts as a drain to the silty clay where fluids migrate downward to the aquifer in addition to the vertical drainage toward the sea floor (Fig. 2B) . A maximum overpressure of 2.5 MPa is simulated near the landward margin. Flow within the aquifer reaches a maximum velocity of 3 mm yr À1 in contrast to the 0.3 mm yr À1 velocity in the overlying silty clay. Fluid discharge from the seaward end of the aquifer increases overpressure above that predicted for the equivalent location in the Silty Clay without Aquifer model (Fig. 2) . The Silty Clay with Aquifer simulation has a vertical effective stress profile similar to the Silty Clay without Aquifer simulation (Fig. 2) . The shallow subsurface has low effective stress and effective stress increases rapidly near the aquifer. The maximum effective stress of 10 MPa occurs in the deep, landward sediments where overpressure is moderate and total stress is high (Fig. 2B) .
Enhanced drainage by the permeable aquifer increases slope stability. FS increases with depth below sea floor and with distance seaward; a small zone of FS < 1 is present along the sea floor of the landward margin, and FS > 9 exists at the base of the seaward margin (Fig. 2B) . Flow focusing within the aquifer causes a FS drawdown at the seaward termination of the aquifer and a FS increase in the landward region of the aquifer (Fig. 2B vs. Fig. 2A ).
Chronostability analysis
We use a chronostability diagram (Fig. 3) to describe the evolution of the stratigraphic surface immediately above the aquifer throughout its burial history (Fig. 3B) ; the depthequivalent surface is analysed for the Silty Clay without Aquifer simulation (Fig. 3A) . Without an aquifer (Fig. 3A) , the surface is very stable (FS > 8) in its early history (1.0-0.9 Ma). This high stability exists because loading begins on a hydrostatically-pressured zone and because surface slopes are low. As this surface is further buried it becomes less stable until approximately 0.4 Ma. The stability of the surface has been near steady state since 0.4 Ma with FS < 5 in the landward zone and FS > 7 in the seaward zone (Fig. 3A) .
The Silty Clay with Aquifer model (Fig. 3B ) has similar early behaviour (1.0-0.9 Ma), but thereafter exhibits a strikingly different behaviour. Since 0.9 Ma, the stability of the aquifer surface has decreased in the seaward direction. This is the opposite of the trend predicted in the Silty Clay without Aquifer model (Fig. 3A,B) . Along the landward margin, FS gradually decreases until 0.5 Ma, and then FS increases. The seaward margin has factor of safety decrease to a minimum of 4 that persists from 0.4 Ma to present (Fig. 3B ). Table 1 describes some critical results on slope stability. For example, the minimum factor of safety for the Silty Clay with Aquifer example was 0.8 at 8% of total seaward extent and 9% of total depth ( Fig. 2B ; Table 1 ). With a highly permeable aquifer that is buried rapidly, the instability originates in the landward zone (6% of total seaward extent, 15% of total depth; Fast Load High k, Table 1 ). As loading continues, flow focusing influences instability and the FS minimum migrates seaward (74% of total seaward extent; Fast Load Fluid flow and stability, US continental slope 139
Parameter analysis
High k, Table 1 ). This is important because it documents that downslope-decreasing sedimentation upon a permeable aquifer will create instability downslope where sedimentation rates are low. For constant sedimentation rate simulations (Rows 1-6, Table 1), the minimum FS occurs chronologically at the end of the simulation, but its spatial location depends on the permeability architecture.
THE NEW JERSEY CONTINENTAL SLOPE Overview
We apply our model to the US East coast margin where low permeability Plio-Pleistocene sediments have rapidly loaded underlying, higher permeability Miocene strata (Figs. 4 and 5) . Along the Hudson Apron, silt-and clay-sized Plio-Pleistocene sediments from the ancestral Hudson River buried Miocene strata, and this has formed a smooth continental slope of approximately 38 (Fig. 4; McAdoo et al. 2000) .
In contrast, Miocene and older strata are exposed on rugose portions of the slope to the southwest where numerous canyons and failures exist ( Fig. 4 ; Hampson & Robb 1984) . This canyon-incised region has a highly variable slope ranging from 28 to 218 with a mean of 88 (McAdoo et al. 2000) . Slope failure and erosion have been attributed to palaeo-river systems, slope over-steepening, seismically induced failure, excess water pressures driving failure, erosion from debris flows, and release of free gas driving failure (Spencer 1903; Johnson 1939; Rona 1969; Shepard 1981; Twichell & Roberts 1982; Farre et al. 1983; Pratson et al. 1994; Driscoll et al. 2000) . A secondary debate is whether these canyons eroded upslope or downslope (e.g. Twichell & Roberts 1982; Farre et al. 1983; Pratson et al. 1994) .
Geotechnical analyses of the upper 10 m below the sea floor (mbsf) estimated that the US East coast continental slope is stable ( Fig. 4 ; Olsen & Rice 1982; Booth et al. 1984; 1985) . These studies assumed pressure is hydrostatic. Booth et al. (1984; 1985) , however, estimated that overpressure reaching 60-90% of hydrostatic effective stress (S vr w gz) or ground accelerations >10% of gravity would destabilize the slope. Dugan & Flemings (2000) predicted pressure reaches 90% of hydrostatic effective stress in the deeper sediments (100-650 mbsf) of ODP Site 1073 offshore New Jersey. This suggests the possibility for slope failure at depth may be greater than previously predicted for the shallow subsurface. Table 1 Infinite Slope FS Parameter Analysis. Max.Sed. is the sedimentation rate at the landward margin of the simulation. NJ models had peak sedimentation rate of 3.0 mm yr À1 from 0.5 to 0.36 Ma (Fig. 6 ). Sed.Ratio is the ratio of the landward sedimentation rate to the seaward sedimentation rate. k aq /k mud defines aquifer permeability relative to the permeability of the silty clay being deposited. FS min is the minimum FS simulated; FS min is located spatially as a percent of total seaward extent (x min ) and as a percent of total depth at that location (y min ). 1st FS < 1 defines the time at which instability was first simulated. The location of initial instability is defined by x 1st and y 1st, which are presented in percent of total seaward extent and percent of total thickness. 
Stratigraphic architecture
The dominant lithology at Site 1073 is silty clay ( Fig. 6 ; Shipboard Scientific Party 1998; Hoyanagi & Omura 2001) . To 220 mbsf, numerous silt layers interrupt the silty clay section. From 220 to 520 mbsf, the section is lithologically homogeneous with the only major divergence being a clay layer (290-300 mbsf). Pliocene and Miocene strata have increased silt and sandy silt content, relative to the overlying Pleistocene sediments (Fig. 6) . Sandy silt zones coincide with glauconite contents that reach 15-20% (Shipboard Scientific Party 1998). This regional glauconite layer formed in situ in deep water (600-1000 m) during a sea level rise and highstand (Hesselbo & Hugget 2001) . The sandy glauconitic Table 1 ; Fig. 7 ) at Site 1073. FS from infinite slope analysis based on the porosity-predicted pressures. FS < 1 (shaded region) represents unstable conditions. Shear strength measurements were made with the automated vane shear and the penetrometer. Shear strength of Miocene strata is at least 0.22 MPa, the measurement limit of the penetrometer.
Fluid flow and stability, US continental slope 141 zones are partially cemented and as a result they retain high porosity (>60%) and have high shear strength (Fig. 6 ). Measured permeability of the Pleistocene silty clay is of order 10 À18 m 2 (Blum et al. 1996) , whereas permeability of the high porosity Miocene strata is an order of magnitude greater (Olgaard et al. 2001) .
Pressure from porosity
Porosity at Site 1073 is separated into three zones (Fig. 6) . Porosity decreases from 62% at the sea floor to 45% at 100 mbsf (Zone 1). Zone 2 is a 450-m thick section characterized by porosity between 45% and 50%. An increase in porosity to 60% marks the top of Zone 3 near the Pliocene-Miocene boundary. Within Zone 3, porosity is constant at 60% for 60 m and the underlying sediments show a gradual porosity decrease to 50%. Porosity was inverted, using an exponential porosity-stress relation, to estimate overpressure at Site 1073 ( Fig. 6 ; Rubey & Hubbert 1959; Hart et al. 1995; Dugan & Flemings 2000) . The model was constrained in Zone 1 assuming hydrostatic fluid pressure (P Ã ¼ 0.0 MPa). Predicted pressure in Zone 2 reaches 95% of the lithostatic stress. Overpressure in Zone 3 is assumed to be in equilibrium with the overlying Plio-Pleistocene strata and to have a hydrostatic gradient (P Ã ¼ constant ¼ 3.7 MPa). Overpressure is not predicted from porosity in the Miocene section because the porosity of cemented sediments does not reflect the state of stress. A hydrostatic pressure gradient is inferred because high porosity and high permeability facilitate pressure equilibration.
Stability analysis
An infinite slope analysis (Equation 2) at Site 1073 predicts stable conditions (Fig. 6 ). We used a failure plane equal to 38, assumed zero cohesion, and prescribed a 268 angle of internal friction. From the sea floor to 20 mbsf, the factor of safety (FS) rapidly increases from 3 to 10. The stability of this section is highly sensitive to subtle variations in bulk density. Constant FS equal to 10 exists from 20 to 100 mbsf and corresponds to hydrostatic fluid pressures and normal compaction. Below 100 mbsf, FS gradually declines to nearly 1 at the top of the Miocene sediments. This decline begins at the onset of overpressure and FS continues to decline with depth as effective stress decreases (Fig. 6 ). Below the Miocene boundary, FS increases as effective stress increases. Although the infinite slope analysis predicts near failure conditions at depth, the stability is likely to be higher because these deeper sediments have considerable strength, and this is not considered in the model (Fig. 6) . Local strength increases correlate with increases in sand content. A smallscale slump observed at Site 1073 near 440 mbsf (Shipboard Scientific Party 1998) corresponds to a local strength decrease.
New Jersey slope model
We apply the general Silty Clay with Aquifer model to the New Jersey continental slope where Miocene sandy silt has been asymmetrically loaded by lower permeability PlioPleistocene silty clay. The horizontal scale of the model is 20 km, identical to that of the previous examples. The vertical scale is changed slightly as the sedimentation rate is varied for the New Jersey slope model. We constrain the rock properties based on observations at Site 1073, and we constrain the permeability architecture from seismic data (Fig. 5 ). The permeability model is composed of a thin, permeable, Miocene aquifer (k v ¼ 3 Â 10 À16 m 2 ) that has been isolated by low permeability Plio-Pleistocene silty clay (log(k v ) ¼ À 18.5 þ 1.25f). The Miocene sediments are assumed to be hydrostatically pressured; they are buried for 1 Myr by Plio-Pleistocene silty clay. The final model geometry (Fig. 7) results from a sedimentation rate that linearly varies upslope and downslope from Site 1073. Sedimentation rates vary temporally as interpreted at Site 1073 (Fig. 6 ).
Overpressure: At the end of the simulation, overpressure varies as a function of sea floor topography and proximity to the permeable Miocene aquifer (Fig. 7A ). In the shallow PlioPleistocene section (<300 mbsf), overpressure parallels the sea floor. The highest overpressure (4.6 MPa) is in the landward zone, where sediment accumulation was greatest. The maximum aquifer overpressure is 3.0 MPa (landward region) while minimum overpressure is 2.0 MPa at the seaward termination of the aquifer (Fig. 7A) . High pressures at the seaward extent of the aquifer contribute to elevated overpressure in the overlying Plio-Pleistocene sediments. Simulated overpressure matches the porosity-predicted pressures interpreted at Site 1073 ( Fig. 6 ; Dugan & Flemings 2000) .
Fluid Flow: In the shallow subsurface (<300 mbsf), fluids migrate slowly (<1 mm yr À1 ) upward and seaward to the sea floor (Fig. 7A) . High overpressures in Plio-Pleistocene silty clay and lower overpressures in the Miocene aquifer create a second flow regime where fluids migrate downward to the Miocene aquifer. In the aquifer, fluid migration is rapid (up to 7 mm yr À1 ). The permeability of the aquifer yields high fluid velocity even though pressure gradients are small. Ultimately, fluids are discharged vertically from the seaward termination of the aquifer into the overlying silty clay (Fig. 7A ).
Effective Stress: Vertical effective stress is less than 1 MPa in the upper 500 mbsf (Fig. 7B) . Below 500 mbsf, effective stress increases rapidly to a maximum of 12 MPa for the modern slope (Fig. 7B) . The highest effective stress exists in the Miocene section where the overburden is thick and pore pressure is relatively low. Effective stress is low where fluids are discharged vertically upward from the aquifer and overpressure is high (Fig. 7) .
Infinite Slope FS: Today, the only instability predicted is in the landward region of offshore New Jersey, where shallow sediments are predicted to be unstable (Fig. 7C) . If a modest and reasonable cohesion value between 0.0015 and 0.0045 MPa (Lambe & Whitman 1979; Booth et al. 1984) is included in the FS calculation, stable conditions are predicted. With increased depth below the sea floor, FS increases and reaches 7 at the Miocene aquifer. Directly above the Miocene aquifer, FS decreases seaward reaching a minimum of 2.8 (Fig. 7C) . Seaward of the aquifer, FS increases as overpressure decreases.
Chronostability: We examine the stability evolution for two surfaces: one immediately above the aquifer and the 0.4 Ma surface (dashed lines, Fig. 7C ). For the surface above the aquifer, the stability from 1.0 to 0.5 Ma is similar to that described in Fig. 3B (Silty Clay with Aquifer model). A significant difference occurs when the sedimentation rate increases (0.5 Ma; Fig. 8C ) and there is a sharp decrease in stability along the aquifer surface (Fig. 8A) . The 0.4 Ma surface, which was deposited during this increased sedimentation, has two minima: one in the landward zone driven by sediment loading and one in the seaward zone driven by flow focusing (Fig. 8B) . This example provides insight into how stability of continental margins evolves. In the case of the New Jersey slope from Pleistocene to present, and perhaps many other margins, stability was at a minimum during rapid sedimentation and thereafter stability has increased.
Parameter Analysis: In the New Jersey slope simulation (Fig. 7) , unstable conditions originate in the landward zone during the pulse of increased sedimentation (NJ Slope, Table 1 ). The minimum FS equal to 0.4 for the NJ Slope simulation occurs in the shallow sediments of the landward region (8% of seaward extent, 8% of total depth) at the end of this sedimentation pulse. Without a permeable aquifer, the minimum FS decreases to 0.3, but still occurs in the landward zone during the period of most rapid sedimentation (NJ Silty Clay, Table 1 ). When the aquifer permeability is increased, the instability originates during the time period of most rapid loading, but moves seaward to the termination of the aquifer (NJ High k Aquifer, Table 1 ). This emphasizes the combined role of sediment loading and flow focusing in determining the timing and location of sedimentary failure.
Bishop 2D FS:
For comparison to the infinite slope analysis (Fig. 6 ), we evaluate FS in two dimensions using the Bishop method of slices (Equation 3; Bishop 1955; Lambe & Fig. 7 . Simulated (A) overpressure, (B) effective stress, and (C) infinite slope FS for the modern New Jersey slope. Dashed surfaces in (C) are presented in the chronostability diagram (Fig. 8) . Note vertical exaggeration. Fluid flow and stability, US continental slope 143
Whitman 1979). The analysis involves defining a circular failure surface, dividing that surface into discrete segments, and comparing the downslope gravitational forces to the frictional resistance to failure along each segment (Equation 3).
where M i (y) ¼ cosy i (1 þ tany i tanf f /FS). The gravitational driving force for each slice depends on the weight of the sediments (W) and the local failure plane. The frictional resistance to sliding is a function of the effective stress normal to the failure surface, the coefficient of internal friction, and the cohesion of the sediment. Shear and horizontal stresses within the failure are neglected without loss of accuracy (Bishop 1955) .
We considered all circular arcs that existed completely within the model domain; all potential failure surfaces intersect the sea floor at two locations and do not penetrate the no flow boundaries. Consistent with the infinite slope analysis, zero cohesion is assumed and a constant angle of internal friction (268) is applied.
A small portion of the shallow subsurface (<100 mbsf) is predicted to have FS < 1. These shallow failures are characterized by nearly zero vertical effective stress. Similar to the infinite slope analysis, reasonable cohesion values produce stable conditions. Potential failure arcs that extend deeper in the basin are predicted to have FS > 1 and FS increases seaward (FS > 4; Fig. 9 ). The Bishop analysis also predicts the lowest stability during periods of most rapid sedimentation and that stability of the New Jersey continental slope has increased since 0.3 Ma.
DISCUSSION
We present a general model for spatially varying sedimentation on a permeable aquifer. The permeability architecture and depositional pattern described are characteristic of continental margins around the world. The two-dimensional flow field of these margins is markedly different than that predicted by one-dimensional models (e.g. Gibson 1958 ). The stress and pressure associated with the flow field contribute to the stability and geomorphology of the slope. Specifically, given rapid sedimentation and a highly permeable aquifer, slope instability will migrate seaward where sedimentation rate is low and flow focusing induces low effective stress. With this rapidly loaded aquifer model, we can generate low FS deep in sedimentary sections, which could produce large sedimentary failure scars (e.g. McAdoo et al. 2000 ) that cannot be explained by one-dimensional models or predicted from shallow geotechnical analyses. The model also explains a mechanism that drives failures on the middle and lower slope. These failures can initiate headward erosion and canyon formation (e.g. Twichell & Roberts 1982; Farre et al. 1983) .
The stability evolution simulated for the Hudson Apron is consistent with the slope geomorphology. We predict failure occurred in the Pleistocene silty clay that was deposited most rapidly, and failures have been identified in these strata (Fig. 5 ) and in recovered core (Shipboard Scientific Party 1998). The current slope is smooth and stable and our model predicts that stable conditions have been present since 0.3 Ma and that stability is currently increasing.
Cohesion is predicted as a critical factor in stabilizing the sediments near the sea floor and in increasing the overall stability of the margin. The importance of cohesion for stable strata is greatest in zones where effective stress is near zero. Cohesion has also been attributed to preventing failures from evolving into large mass-mobilizing events or debris flows (Iverson 1997) .
CONCLUSIONS
We simulate an overpressured but stable New Jersey continental slope margin. Active fluid discharge along the slope (Rona et al. 2000) and small failures in Pleistocene strata support our model results that show stability was at a minimum during pulses of rapid loading and that overpressure is being dissipated and fluids are being discharged in the modern system. The general application of the flow and stability models is that effective stress, overpressure, and slope stability are controlled by two competing mechanisms: (1) local sedimentation rate and (2) flow focusing. Sedimentation generates high overpressure and low stability where accumulation rates are highest. Flow focusing in permeable strata increases overpressure and decreases stability where sedimentation rates are low. The interplay of sediment loading, flow focusing, and slope stability is applicable to many geological settings. In delta systems (e.g. Gulf of Mexico, Amazon Fan), rapid sediment supply and fluid flow can drive delta-front and slope failures that supply sediments to deeper ocean basins. In convergent margins, similar processes occur as underthrust strata are loaded by the thick accretionary complexes and failures are expressed in mud volcanism, hydrofracturing, and faulting. Twichell DC, Roberts DG (1982) 
